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Abstract

Objectives—Smoking during pregnancy is causally associated with many adverse health
outcomes. Quitting smoking, even late in pregnancy, improves some outcomes. Among adults in
general and reproductive-aged women, we sought to understand knowledge and attitudes towards
prenatal smoking and its effects on pregnancy outcomes.

Methods—Using data from the 2008 HealthStyles© survey, we assessed knowledge and attitudes
about prenatal smoking and smoking cessation. We classified respondents as having high
knowledge if they gave =5 correct responses to 6 knowledge questions regarding the health effects
of prenatal smoking. We calculated frequencies of correct responses to assess knowledge about
prenatal smoking and estimated relative risk (RR) to examine knowledge by demographic and
lifestyle factors.

Results—Only 15% of all respondents and 23% of reproductive-aged women had high
knowledge of the adverse effects of prenatal smoking on pregnancy outcomes. Preterm birth and
low birth weight were most often recognized as adverse outcomes associated with prenatal
smoking. Nearly 70% of reproductive-aged women smokers reported they would quit smoking if
they became pregnant without any specific reasons from their doctor. Few respondents recognized
the benefits of quitting smoking after the first trimester of pregnancy.
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Conclusions—Our results suggest that many women lack knowledge regarding the increased
risks for adverse outcomes associated with prenatal smoking. Healthcare providers should follow
the recommendations provided by the American Congress of Obstetricians and Gynecologists,
which include educating women about the health risks of prenatal smoking and the benefits of
quitting. Healthcare providers should emphasize quitting smoking even after the first trimester of
pregnancy.
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Introduction

Smoking during pregnancy is associated with increased risk for numerous maternal, fetal,
and infant complications, including infertility (1-3), placenta previa (4-7), placental
abruption (5-9), spontaneous abortion (10-12), preterm birth (7, 11, 13-18), low birth
weight (11, 13-15, 18), intrauterine growth retardation (14, 18), stillbirth (7, 19), sudden
infant death syndrome (SIDS) (11, 15, 20-22), and orofacial clefts (birth defects of the
upper lip and mouth) (23-26). While quitting smoking before conception is optimal because
some effects of smoking, such as increased risk for orofacial clefts, occur in early
pregnancy, smoking cessation later in pregnancy has been shown to improve a number of
pregnancy outcomes, including birth weight (27-30).

Although the harmful effects of smoking during pregnancy on maternal, fetal, and infant
health are well-recognized, about 12-21% of U.S. women smoke during pregnancy (31-33).
Previous studies have identified many factors associated with smoking during pregnancy,
including younger maternal age, lower education level, single marital status, low
socioeconomic status, high parity, second hand smoke exposure in the home, smoking
behavior of the woman’s social network, younger age when smoking was initiated,
increased level of addiction, and increased stress (32, 34-40). Research by Ershoff and
colleagues suggested that women who had low intentions to quit smoking were less
convinced that smoking was harmful to their pregnancy compared with women who had
high intentions to quit (41). Pregnant women who had low intentions to quit smoking were
also more likely to have relatives and friends who smoked compared with pregnant women
smokers who had higher intentions to quit smoking (41). Understanding common
knowledge and attitudes among adults, in general, toward smoking during pregnancy is
important because partners, family members, and colleagues of pregnant women may
influence their smoking behavior (38, 42-44). Although much has been published on trends
and patterns of smoking during pregnancy (45-47), data are limited regarding knowledge
and attitudes of adults in the United States towards smoking during pregnancy.

Our objectives were to examine the knowledge and attitudes of adults, in general, and
women of reproductive age, specifically, toward smoking during pregnancy, smoking
cessation, and the effects of smoking and quitting smoking on pregnancy outcomes. Results
from this study can be used to guide the development of future messages aimed at
decreasing the prevalence of smoking during pregnancy.
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Methods

Study Design

Four questions focused on prenatal smoking and smoking cessation were added to the Porter
Novelli 2008 HealthStyles© survey, an annual postal mail survey, which is designed to
collect data on health-related knowledge and behavior and is distributed to a sample of
adults 18 years or older in the United States. The survey is conducted for Porter Novelli by
Synovate, Inc., a global marketing and research firm. The HealthStyles© survey is sent as a
follow-up to the ConsumerStyles© survey, which collects data on media habits, product use,
services, and personal interests. For the 2008 ConsumerStyles© survey, a stratified random
sample (balanced on region, household income, population density, age, and household size)
of 20,000 consumers in the United States was drawn from an existing consumer mail panel
of 340,000 potential respondents previously recruited to participate in consumer marketing
surveys (48). Low-income and minority households were oversampled to ensure adequate
representation from these groups. The response rate for the 2008 ConsumerStyles© survey
was 50.5% (10,108 households) (48). From the pool of participants that completed the 2008
ConsumerStyles© survey, 7,000 households were selected to receive the 2008
HealthStyles© survey (49-51). More details on the survey are described elsewhere (49-52).
The CDC licensed the results of the 2008 HealthStyles survey from Porter Novelli after data
collection was complete, and analysis of these data was exempt from institutional review
board approval because personal identifiers were not included in the data file.

To create a sample with a demographic breakdown similar to that of the U.S. population and
account for non-response among HealthStyles© survey participants, data were post-stratified
and weighted to the U.S. Census Current Population Survey on five variables: gender, age,
income, race/ethnicity, and household size.

Study variables

Four questions focused on prenatal smoking and smoking cessation were added to the 2008
HealthStyles© survey. Two questions were added to the section for female respondents
only: the first assessed current smoking status; if respondents marked yes, the second
question asked smokers what messages from a doctor might influence them to quit smoking
if, hypothetically, they were thinking about becoming pregnant (Questions #1 & #2, Table
1). Two additional questions were included in the section for all respondents: the first
assessed knowledge of the possible consequences of smoking during pregnancy and the
second asked respondents if there are health benefits of smoking cessation at different points
before and during pregnancy (Questions #3 & #4, Table 1).

To assess knowledge of the health effects of smoking during pregnancy, respondents were
asked to check all adverse effects which they had previously heard could result from
smoking during pregnancy (question #3, Table 1). The response options included five
“correct” responses (miscarriage, baby born too small or too early, problems with placenta,
baby born with cleft lip or cleft palate, and baby dies from SIDS) and one “incorrect”
response (baby born with hearing loss) that was included as a distracter to differentiate
persons who were checking all answers indiscriminately. To analyze these data, we created a
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knowledge scale that ranged from 0 to 6 to assess the number of answers checked
appropriately. For each appropriate response, meaning the correct response checked and
absence of selecting the incorrect response, the respondent received one point. The resulting
scale ranged from 0 (no appropriate responses) to 6 (all appropriate responses). If
respondents checked all 6 boxes, including the incorrect response, indicating they might
have been checking all answers indiscriminately, they were considered in a separate
category, “checked all”. After examining the knowledge score distribution (Table 2), we
created three categories: low knowledge (scored 0-2), moderate knowledge (scored 3-4),
and high knowledge (scored 5-6). The respondents who checked all responses technically
scored 5 on the knowledge scale, but because they might be answering arbitrarily, the
respondents in the “checked all” category were included in the moderate knowledge
category.

Statistical analyses

To examine respondent knowledge regarding the adverse health effects associated with
smoking during pregnancy, we calculated frequencies of responses to Question #3 (Table 1)
among all respondents, among women of reproductive age (18—-44 years), and among
women of reproductive age who reported planning a pregnancy in the next year. We
compared the knowledge score (described previously) among each group. We used SAS
PROC FREQ to estimate relative risk (RR) and 95% confidence intervals (Cls) for
demographic and lifestyle factors potentially associated with high level and moderate level
knowledge, including age of respondent, household income and size, race/ethnicity,
education level, marital status, and whether the respondent was a current smoker.

To examine what messages from a doctor or health professional might motivate a woman to
quit smoking if she, hypothetically, was thinking about becoming pregnant, we calculated
the frequency of responses to Question #2 (Table 1) among women of reproductive age who
reported currently smoking cigarettes. To examine beliefs about the benefits of quitting
smoking at different points during pregnancy, we calculated the frequency of responses to
Question #4 (Table 1) among all respondents, women of reproductive age (18-44 years),
and women of reproductive age who reported planning a pregnancy in the next year. We
used descriptive statistics to assess respondents’ attitudes regarding messages that might
influence a woman to quit smoking if she, hypothetically, was thinking about becoming
pregnant and her knowledge regarding the benefits of quitting smoking before, early, and
late in pregnancy.

After reviewing preliminary results, we wanted to examine if the “checked all” category of
respondents affected the findings related to the knowledge scale (described previously). To
investigate this sub-group’s impact, we repeated the analyses categorizing the “checked all”
respondents in two different ways—1) including the “checked all” respondents in the low
knowledge category and 2) excluding them from the analyses.

We performed all statistical analyses after the data was post-stratified and weighted, as
described previously. We analyzed the data using SAS version 9.1 (SAS Institute Inc., Cary,
NC).
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A total of 5,399 out of 7,000 distributed HealthStyles© surveys were completed and
returned (participation rate = 77 %). Before post-stratification and weighting, 2,408 (45%)
respondents were men and 2,991 (55%) were women, including 1,053 (19.5%) women of
reproductive age (18-44 years). Regarding race/ethnicity, 3,664 (68%) respondents were
white, 670 (12%) were black, 656 (12%) were Hispanic, and 409 (8%) were of other race/
ethnicity. Respondents were most often married (68%), had some college education (37%),
had a household size of 2 (31%), and had a household income greater than $75,000 (34%).
Among reproductive-aged women, 19% reported currently smoking, 64% were married,
44% had attended some college, 62% were between 35-44 years of age, and 9% were
planning a pregnancy in the next year. After post-stratification and weighting, the sample
consisted of 2,613 (48%) men and 2,786 (52%) women, including 1,437 (27%) women of
reproductive age. In this weighted sample, 180 (12.5%) of the reproductive aged women
were planning a pregnancy in the next year. The weighted sample included 68% of
respondents being white, 12% black, 13% Hispanic, and 7% of other race/ethnicity. All
further results are for the post-stratified, weighted sample.

Knowledge about smoking during pregnancy (Question #3)

We examined knowledge of the adverse effects of prenatal smoking on pregnancy outcomes
among three groups (all respondents combined, women of reproductive age, and women of
reproductive age who reported planning a pregnancy in the next year); each group is a subset
of the previous group (Table 2). Of all the adverse pregnancy outcomes, “smoking during
pregnancy can cause the baby to be born too small or too early” was the outcome most often
recognized as associated with smoking during pregnancy among each group (>80%). Fewer
respondents in each of the groups were aware of the associations between smoking during
pregnancy and having a baby born with a cleft lip or cleft palate (19% of all respondents,
24% of women of reproductive age, and 39% of women of reproductive age planning a
pregnancy in the next year).

We also compared the knowledge levels about smoking during pregnancy and potential
adverse pregnancy outcomes. Among all respondents, 784 respondents (15%) had high
knowledge, 3,133 respondents (58%) had moderate knowledge, and 1,483 respondents
(27%) had low knowledge (Table 2). Factors such as higher education level (> high school),
married or domestic partnership status, larger household size (>2 members), and non-
smoking status were positively associated with high knowledge (Figure 1). Among all
respondents, women were more likely than men to have high knowledge of adverse
pregnancy outcomes related to smoking during pregnancy (RR 1.68, 95% CI 1.49, 1.90).
Among women of reproductive age, 333 (23%) had high knowledge, 882 (61%) had
moderate knowledge, and 223 (16%) had low knowledge (Table 2). More than a high school
education was associated with high knowledge among women of reproductive age (Figure
1).

In the aforementioned results, the respondents who checked all options were placed in the
moderate knowledge category. To assess this sub-group’s impact on our results, we repeated
the analyses post-hoc and categorized this sub-group in two different ways—1) placing this

Matern Child Health J. Author manuscript; available in PMC 2016 January 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Polen et al.

Page 6

group in the low knowledge level and 2) excluding them all together. When we included
these respondents in the low knowledge level, 14% had high knowledge, 46% had moderate
knowledge, and 40% had low knowledge of the health effects of smoking during pregnancy.
When we excluded these respondents, 17% of all respondents had high level knowledge,
52% had moderate knowledge, and 31% had low knowledge. Although the percentages per
category changed, the direction and magnitude of most of the associations with demographic
and lifestyle characteristics were similar, with the exception of few racial/ethnic
comparisons (data not shown). For example, in the main analysis when this group of
respondents who checked all was included in the moderate knowledge category, high and
moderate knowledge were increased among respondents of other race/ethnicities compared
to white race/ethnicity. However, when this group moved to the low knowledge category,
high and moderate knowledge were decreased among respondents of other race/ethnicities
compared to white race/ethnicity. In this example, the differences are not significant, as the
confidence intervals in both instances contain 1.0.

Advice from a health professional to quit smoking (Question #2)

We examined what messages describing the effects of smoking during pregnancy provided
by a doctor or health professional might motivate a current female smoker to quit smoking if
she, hypothetically, was thinking about becoming pregnant; multiple responses were
allowed (Table 3). The majority of female smokers of reproductive age (70%) checked that
they would quit without any specific reasons from their doctor. About 30% of these women
also checked one or more specific reasons provided by a doctor that might motivate them to
quit smoking (data not shown). In total, 41% of the female smokers of reproductive age
checked at least one reason that might motivate them to consider quitting smoking (data not
shown). Of those respondents who checked at least one reason, about 46% of them were less
than 25 years of age and 85% had less than a college education. The most often reported
reasons that might motivate current women smokers of reproductive age to quit smoking
were increased chances of having a baby born too early or too small (34%), increased risk of
a baby dying of SIDS (27%), and increased risk of miscarriage (25%). Fewer women
reported that increased risk of having a baby born with cleft lip or cleft palate (20%) or
difficulty getting pregnant (11%) would influence quitting smoking. About 5% of current
women smokers of reproductive age checked that they would not consider quitting smoking
for any reason if they were thinking about becoming pregnant (Table 3). Of the 5% who
would not consider quitting, the majority had a household income less than $50,000, were of
white race/ethnicity, had less than a college education, and were married (data not shown).

Knowledge about timing of smoking cessation (Question #4)

More than 80% of the respondents in each group (all respondents, women of reproductive
age, and women of reproductive age planning a pregnancy in the next year) agreed that
quitting smoking before becoming pregnant improves the health of the unborn baby (Table
4). Almost half of the women of reproductive age agreed that quitting smoking during early
pregnancy can improve the health of the unborn baby (Table 4). However, very few
respondents recognized the benefits of quitting smoking after the first trimester (17% of all
respondents and 21% of reproductive-aged women).
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Discussion

In general, high knowledge of the adverse effects of smoking during pregnancy was low
among respondents overall, but was somewhat higher among women of reproductive age.
For all respondents combined, factors associated with high knowledge included being
married or in a domestic partnership, higher education level, larger household size, and non-
smoking status. Among women of reproductive age, higher education level was associated
with high knowledge. The majority of reproductive-aged women smokers indicated that they
would not need a specific reason from their doctor to influence them to quit smoking if,
hypothetically, they were thinking about becoming pregnant. Among women who indicated
that at least one reason would influence them to quit, the reasons that were most often
reported were increased risks of preterm birth, SIDS, and miscarriage. Less than 20% of all
respondents were aware that quitting smoking after the first trimester of pregnancy has
benefits.

Although individuals in the public health community assume that nearly all women are
aware that smoking during pregnancy may have negative effects on the developing baby
(53, 54), our results suggest that some women still lack knowledge about the specific
adverse reproductive outcomes associated with prenatal smoking. Although we observed
that more than 90% of women of reproductive age were aware of the association between
smoking and preterm birth and low birth weight, fewer women of reproductive age were
aware of other potential adverse outcomes, such as miscarriage or cleft lip/palate. Our
finding that lower level of education is associated with less knowledge of adverse effects of
smoking during pregnancy is consistent with results from numerous studies in which
smokers with lower levels of education or limited literacy skills were less knowledgeable
about the effects of prenatal smoking on their own health or the health of their offspring
(55-57). Previous research has shown that behavioral intervention programs focused on
increasing education, including multi-media campaigns and telephone quit lines, have
achieved modest success in increasing smoking cessation in pregnant women (58, 59). Other
methods that have the potential to target smokers with lower levels of education or SES
include interventions conducted via Women, Infants, and Children (WIC) clinics or
community health centers and interventions that include incentives (60-62). Additionally, as
of 2012, 43 state Medicaid programs cover tobacco-cessation counseling, which could
improve cessation efforts targeting women of lower education or SES who might have
previously had less access to these services (63).

Pregnancy presents a unique opportunity for smoking cessation interventions because
pregnant women may be more likely to make changes in their lifestyle and health behaviors
than non-pregnant women. Current best practice guidelines from the American Congress of
Obstetricians and Gynecologists (ACOG) support clinic-based interventions in which
healthcare providers use the 5As: (1) Ask all pregnant women about their smoking status,
(2) Advise all pregnant smokers about the risks of smoking in pregnancy and emphasize the
benefits of quitting, (3) Assess the pregnant women’s readiness to change and set a quit date,
(4) Assist pregnant smokers to quit using a range of interventions, and (5) Arrange follow-
up. Pregnant smokers should be asked about their smoking status and, if still smoking,
assisted with quitting at each subsequent visit (64). However, research has suggested that
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providers’ discussions of smoking behavior during prenatal visits is limited to inquiring
about and documenting smoking status and advising pregnant patients to quit. Few
physicians provide smoking cessation counseling and arrange for follow-up visits (65-69).
Our data suggest that when smoking is discussed with female smokers of reproductive age, a
more detailed explanation of the risks, including possible adverse pregnancy outcomes
associated with smoking during pregnancy, might be effective in motivating some to quit
smoking, if they were thinking about becoming pregnant. While improved knowledge
doesn’t directly translate into behavior change, it can impact efforts to quit, helping to
increase smokers’ readiness to quit (70, 71).

Smoking during pregnancy affects fetal health in a variety of ways, depending on the
amount and timing of exposure. For example, the rate of fetal growth varies over the course
of a pregnancy, and the development of organ systems occur during different periods of
pregnancy (72-76). Because some effects of smoking, such as increased risk of orofacial
clefts, occur early in pregnancy, continued emphasis on the benefits of smoking cessation
before conception is important. However, previous research has shown that quitting smoking
during the first or second trimester of pregnancy may reduce a number of adverse pregnancy
outcomes, including low birth weight and preterm delivery (28, 30, 77). In our study,
respondents appeared to be unaware of the benefits of smoking cessation after the first
trimester of pregnancy. Increasing knowledge about the benefits of smoking cessation after
the first trimester of pregnancy might encourage pregnant smokers to continue pursuing
quitting even after the first trimester, to reduce potential adverse outcomes, such as low birth
weight.

Our study has several important limitations. First, women responding to the current survey
might have been more likely to provide socially favorable responses, especially regarding
smoking cessation during pregnancy, rather than being completely truthful. Another
important limitation is that we know that predicted behavior does not reflect actual behavior.
Respondents might say they would quit smoking if their doctor gave specific reasons to quit,
but they might not recognize the difficulty in actually quitting. Further, respondents might
not have understood the hypothetical nature of the question asking about advice from a
healthcare provider. The survey was written and conducted in English. Thefore, women who
lack fluency in English, women who have difficulty reading, or women who are illiterate
likely did not participate. The survey is also only distributed to adults 18 years or older, so
our results do not include knowledge and attitudes held by younger individuals. Some of the
segments, including women of reproductive age planning a pregnancy in the next year,
contain small numbers, which limits our ability to characterize them by demographic and
lifestyle factors. Further, women who participated in the HealthStyles® panel might have
been more interested in health topics (and thus might be more knowledgeable) or have had
more time to complete surveys than people who declined to participate. Therefore, our
results might not represent the knowledge and attitudes of the general population. However,
previous analyses have showed that responses to the HealthStyles® survey on health
conditions, attitudes, and behaviors were comparable with responses to similar survey
questions asked as part of the Behavioral Risk Factor Surveillance System (BRFSS), a large
probability sample survey conducted in the United States (78). Finally, respondents might
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have indiscriminately checked all responses to the question used to develop the knowledge
scale, which might affect the findings related to knowledge of the health effects of smoking
during pregnancy. When we re-evaluated the results categorizing these respondents as low
knowledge or excluding them, we found similar magnitude and direction of associations
with demographic and lifestyle factors.

Conclusions

These results suggest that many women lack knowledge regarding the increased risks for
some adverse pregnancy outcomes associated with smoking during pregnancy. Overall, the
outcome most often recognized as associated with prenatal smoking was “smoking during
pregnancy can cause the baby to be born too small or too early.” Fewer respondents reported
knowledge of the associations between smoking during pregnancy and having a baby born
with a cleft lip or cleft palate. While our data do not support that this knowledge would
greatly increase the percentage of women interested in quitting during pregnancy, educating
women about this risk factor could have modest benefits. Although many societal and
personal influences impact smoking behavior, healthcare providers play an important role in
improving smoking cessation among pregnant women. When providing smoking cessation
counseling, providers should follow the entire 5As carefully, as recommended by ACOG.
Further, healthcare providers should emphasize the importance of quitting smoking even
after the first trimester of pregnancy. Additional research is needed to better understand if
increased knowledge among women smokers of reproductive age would result in smoking
cessation behavior.
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Figure 1.

Knowledge Level about Adverse Pregnancy Outcomes Associated with Smoking During
Pregnancy Among All Respondents and Among Women of Reproductive Age (18-44
years), by Demographic Characteristics, United States, HealthStyles©, 2008
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Table 1

Questions related to smoking during pregnancy in the 2008 Healthstyles© Survey

FOR WOMEN ONLY
1. Do you currently smoke cigarettes?
Yes O — (Go to the Question below) No OO —(Skip the Question below)

2. If you were thinking about becoming pregnant, what would your doctor or health professional need to say to you before you would
consider quitting smoking? (“X” ALL THAT APPLY)

My doctor would not have to give any specific reason—I would quit smoking
Smoking before pregnancy makes it harder to become pregnant
Smoking during pregnancy increases the chance of having a miscarriage

Smoking during pregnancy increases the chance of having a baby born too small or born too early

O 0O O oo

Smoking during pregnancy increases the chance of a baby being born with cleft lip or cleft palate (birth defects
of the upper lip and mouth)

Smoking increases the chance of a baby dying of Sudden Infant Death Syndrome (SIDS)

O

1 would not consider quitting smoking for any of these reasons

O

FOR EVERYONE
3. Which of the following have you heard could result from smoking during pregnancy? (“X” ALL THAT APPLY)
Miscarriage
Problems with the placenta (mother’s organ that supplies the baby’s oxygen and nutrition)
Baby born too small (low birth weight) or too early

Baby born with cleft lip or cleft palate (birth defects of the upper lip and mouth)

*

[ I R i I o R

Baby born with hearing loss

Baby is more likely to die from Sudden Infant Death Syndrome (SIDS) O

4. A woman who smokes can improve the health of her unborn baby if she quits smoking during which, if any, of the following times? (*X”
ALL THAT APPLY)

Before becoming pregnant
Early in the pregnancy, before the 3" month

Later in pregnancy, after the 3" month

O o oo

None of these

*
‘Baby born with hearing loss’ was added as a distracter among the responses to differentiate the respondents who checked all the responses
indiscriminately.
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Potential Influence of Health Professional Advice on Smoking Cessation in Women Smokers of Reproductive

Age (18-44 years), United States, Healthstyles©, 2008 1:2

Advicefrom adoctor or health professional to consider quitting smoking

Women Smokers of Reproductive Age (n
=290)

N % (95% Cl)

No specific reason checked

My doctor would not have to give any specific reason- | would quit 203 69.7 (64.6-75.1)

I would not consider quitting smoking for any of these reasons 16 5.3(2.8-7.9)
Specific reasons checked

Smoking before pregnancy makes it harder to become pregnant 31 10.8 (7.2-14.4)

Smoking during pregnancy increases the chance of having a miscarriage 73 25.1(20.1-30.1)

Smoking during pregnancy increases the chance of having a baby born too small or too early | 98 33.9(28.4-39.3)

Smoking during pregnancy increases the chance of having a baby being born with cleft lip or | 59 20.4 (15.7-25.0)
cleft palate

Smoking increases the chance of baby dying of Sudden Infant Death Syndrome (SIDS) 80 27.4 (22.3-32.6)
None checked3 1 39(17-62)

1 . .
The total of these percentages will not add up to 100% because multiple responses were allowed.

2 . . .
All the data were weighted, and the resulting numbers were rounded to the nearest whole number. Thus, frequencies may not add exactly to the

total.

3The participant did not check any option.
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